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Background of the Invention 

1. Field of the Invention 

This invention relates generally to drive mechanisms and, more particularly, to a 
hollow axle motor assembly. 

15 

2. Related Art 

Electric motor drive arrangements for seat movement and ergonomic support 
movement are known. Typically, the motor has a shaft and a gear drive arrangement is 
attached to the shaft. In the known devices, output from the motor/gear drive arrangement 
20 has only been available on one end of the motor. For some time, there has been a need for a 
dual output motor and planetary gear drive arrangement. Such a device could provide a 
compact and cost-effective package to drive any number of seat mechanisms. There remains 
a need in the art for a compact and cost-effective combination motor and gear drive 
arrangement having dual output. 
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Seat track assemblies are known. Some seat track assemblies may incorporate a drive 
mechanism and a locking mechanism. These devices are somewhat complex. For example, a 
first actuator connected to the drive mechanism and a second actuator connected to the 
locking mechanism may be required. The first and second actuators must be coordinated 
5 such that the locking mechanism is "unlocked" prior to engagement of the drive mechanism. 
This often involves a complex, inefficient, and expensive arrangement of stops and limit 
switches. While the separate locking mechanism contributes to crash worthiness of the seat 
track assembly, the complex arrangement of the stops and limit switches significantly adds to 
the cost of the seat track assembly. Moreover, having two separate actuators significantly 
1 0 adds to the weight of the seat track assembly. 

Thus, there remains a need in the art for a seat track assembly having a single actuator 
disposed to operate separate drive and locking mechanisms. There also remains the 
continuing need for a seat track assembly that is light weight, compact in size, cost effective, 
and crash worthy. 

1 5 Additionally, a combination motor and planetary gear arrangement is disclosed in U.S. 

Patent No. 4,986,514 issued to Ikegaya et al. Ikegaya uses a planetary gear drive to adjust 
inclination of a seat back. The '514 patent discloses placing the motor assembly adjacent the 
seat back and connecting the planetary gear arrangement to the seat back. This results in a 
bulky package. 

2 0 Thus, there remains a need for a compact and cost-effective reclining mechanism. 
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Summary of the Invention 
It is in view of the above problems that the present invention was developed. The 
invention is a hollow axle motor assembly. The hollow axle motor assembly includes an 
armature and a hollow axle attached to the armature. The hollow axle has an outer diameter 
5 and an inner diameter. The inner diameter of the hollow axle receives a shaft or tube, such as 
a drive shaft. A gear is attached to the outer diameter of the hollow axle. The gear is in 
driving communication with a gear drive assembly, such as planetary gear assembly. In turn, 
the planetary gear drive assembly is in driving communication with a drive shaft mount. The 
drive shaft mount can be used to drive any number of conventional items, including, for 

10 example, a drive shaft. Advantageously, the driven member, such as a drive shaft, can be 
coaxial with the motor and disposed within the hollow axle such that the motor and gear drive 
assembly has a dual output. That is, the drive shaft extends from both ends of the motor. 

In a first example, the hollow axle motor assembly is used to drive a track drive 
mechanism. In this first example, there is a seat track assembly. The seat track assembly 

15 includes a seat track, a track drive mechanism, and a locking mechanism. When the track 
drive mechanism is activated, the hollow axle motor assembly operates a lever to disengage 
the locking mechanism prior to adjustment of the seat track position. After the seat track 
position has been adjusted, the track drive mechanism is disengaged and, thereafter, the 
hollow axle motor assembly operates the lever to re-engage the locking mechanism. 

20 In a second example, the hollow axle motor assembly forms part of the seat hinge. In 

other words, the hollow axle motor assembly is coaxial with the seat hinge. In this manner, 
the hollow axle motor assembly can be engaged to adjust the inclination of the seat back. 
This provides a compact arrangement for electrically adjusting the inclination of the seat 
back. 
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Further features and advantages of the present invention, as well as the structure and 
operation of various embodiments of the present invention, are described in detail below with 
reference to the accompanying drawings. 

5 
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Brief Description of the Drawings 
The accompanying drawings, which are incorporated in and form a part of the 
specification, illustrate the embodiments of the present invention and together with the 
description, serve to explain the principles of the invention. In the drawings: 
5 Figure 1 is an exploded view of a hollow axle motor assembly; 

Figure 2 is an end view of the hollow axle motor assembly; 
Figure 2A is a perspective view of the hollow axle; 

Figure 3 is a perspective view of a hollow axle motor assembly and associated driven 
members; 

1 0 Figure 4 is a perspective view of a seat track assembly; 

Figure 5a is a sectional side view illustrating a forward cam position; 

Figure 5b is a sectional side view illustrating a neutral cam position; 

Figure 5c is a sectional side view illustrating a reverse cam position; 

Figure 6 is a perspective view of a seat; and 
1 5 Figure 7 is a top sectional view of a seat hinge. 
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Detailed Description of the Preferred Embodiments 
Referring to the accompanying drawings in which like reference numbers indicate like 
elements, Fig. 1 illustrates a hollow axle motor assembly 10. The hollow axle motor 
assembly 10 includes a motor 11. The motor 11 includes a hollow axle 12. As best seen in 
5 Fig. 2, the hollow axle 12 is connected to an armature 13 of the motor 11. The hollow axle 
12 includes an outer diameter 14 and an inner diameter 16. Returning once again to Fig. 1, a 
first gear 20 is connected to the hollow axle 12. In the depicted embodiment, the first gear 20 
is connected to an end portion 1 8 of the hollow axle 12, and the first gear 20 is the sun gear of 
a planetary gear set. While in the depicted embodiments a planetary gear set is shown, it is 
10 within the scope of the present invention that other types of gear sets may be used to engage 
the hollow axle 12. 

The first gear 20 is in driving communication with a planetary gear drive assembly 30. 
In the depicted embodiment, the planetary gear drive assembly 30 is a 3-stage planetary gear 
drive having a total gear drive ratio of 500:1. However, those skilled in the art will 

15 understand that any number of gear stages with a larger or smaller ratio may be used. A 
planetary drive cover 22 covers the planetary gear drive assembly 30 and is connected to the 
motor 1 1 . The planetary drive cover 22 is also referred to as a housing. The planetary gear 
drive assembly 30 is in driving communication with a drive shaft mount 40. 

In the embodiment depicted in Fig. 1, first planetary gears 31 revolve around and are 

20 rotated by the first gear 20. A first drive disk 32 has first drive disk axles 33. The first 
planetary gears 31 rotate the first drive disk axles 33, thereby rotating the first drive disk 32. 
A second gear 34 is connected to the first drive disk 32 and, therefore, rotates with the first 
drive disk 32. Second planetary gears 35 revolve around and are rotated by the second gear 
34. A second drive disk 36 has second drive disk axles 37. The second planetary gears 35 
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rotate the second drive disk axles 37, thereby rotating the second drive disk 36. A third gear 
38 is connected to the second drive disk 36 and, therefore, rotates with the second drive disk 
36. Third planetary gears 39 revolve around and are rotated by the third gear 38. The drive 
shaft mount 40 has third drive axles 42. The third planetary gears 39 rotate the third drive 
5 axles 42, thereby rotating the drive shaft mount 40. 

Referring now to Fig. 3, the drive shaft mount 40 is connected to at least one driven 
member 50. The driven member 50 can be any number of conventional items. For example, 
the driven member may be a cable and pulley apparatus, a cam, or a shaft. In the embodiment 
depicted in Fig. 3, there is an intermediate member 52, a drive shaft, between the drive shaft 

1 0 mount 40 and the driven members 50. 

Referring once again to Fig. 2, it is seen that the intermediate member 52 is within 
inner diameter 16. The intermediate member 52 may be the same size, or smaller than, the 
inner diameter 16. For example, the intermediate member 52 may be smaller than the inner 
diameter 16 to allow for lubrication. Figure 2A is a perspective view of the hollow axle. 

15 A first example of how the hollow axle motor assembly 10 may be used is illustrated 

in Fig. 4. In Fig. 4, there is a seat track assembly 100. The seat track assembly 100 includes a 
track drive mechanism 110. The track drive mechanism 110 includes a first track 112 and a 
second track 114. The second track 114 is offset from the first track 112. Each track 112, 
1 14 includes a rack portion 116. A first locking mechanism 120 positively engages the first 

20 track 1 12 when the first locking mechanism 120 is in a "locked" position. A second locking 
mechanism 122 positively engages the second track 1 14 when the second locking mechanism 
122 is in a "locked" position. 

A first extruded slider 124 slidably connects to the first track 1 12. A second extruded 
slider 126 slidably connects to the second track 1 14. A seat (best seen in Fig. 6) is mounted 
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on the first and second extruded sliders 124, 126. The seat can only move forward or 
backward on the extruded sliders 124, 126 when the locking mechanisms 120, 122 are 
disengaged. In a crash, the locking mechanisms 120, 122 help hold the extruded sliders, and 
thus the seat, to the tracks 1 12, 1 14. 

The first locking mechanism 120 and the second locking mechanism 122 each include 
at least one pivotable locking member. In the embodiment depicted in Figs. 5A, 5B and 5C, 
the locking mechanisms 120, 122 each include a first pivotable locking member 130 and a 
second pivotable locking member 132. The pivotable locking members 130, 132 are spring- 
biased to engage the rack portion 116. The first pivotable locking member 130 includes a 
first arm 134. The second pivotable locking member 132 includes a second arm 136. 

A latch release shaft 140 connects the first locking mechanism 120 and the second 
locking mechanism 122. The latch release shaft 140 rotates to move the locking mechanisms 
120, 122 from a "locked" position to an "unlocked" position, or vice versa. A latch bar 142 is 
connected to the latch release shaft 140. For example, the latch bar 142 may be welded or 
fastened to the latch release shaft 140. 

The latch bar 142 engages a cam 150. The cam 150 is connected to the hollow axle 
motor assembly 10. In the depicted embodiments, the cam 150 is connected to the housing 
22, or, as those skilled in the art will understand, the cam 150 may be integrally incorporated 
into the housing 22. It is within the scope of the present invention that other linkage 
assemblies between the housing 22 and the latch release shaft 140 may be used. 

A track drive shaft 160 is connected to the hollow axle motor assembly 10. The track 
drive shaft 160 includes an upper portion 162 and a lower portion 164. A first track drive 
gear 170 is connected to the upper portion 162. A second track drive gear 172 is connected to 
the lower portion 164. In the depicted embodiments, track drive gears 170, 172 are spur 
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gears. However, those skilled in the art will understand that other types of gears may be used. 
The first track drive gear 170 engages the first track 1 12. The second track gear 172 engages 
the second track 1 14. While the hollow axle motor assembly 10 is depicted in Fig. 4, those 
skilled in the art will understand that a conventional motor assembly having a dual output 
could also be used. 

In operation, the hollow axle motor assembly 10 is actuated. For example, the hollow 
axle motor assembly 10 may be actuated by engaging a switch (not shown). Once the hollow 
axle motor assembly 10 is actuated, the torque of the motor rotates the housing 22 and the 
cam 150 in a first direction. The cam 150 engages the latch bar 142 such that the latch bar 
142 causes the release shaft 140 to rotate, thereby releasing the first and second locking 
mechanisms 120, 122. In other words, the hollow axle motor assembly automatically places 
the locking mechanisms in an "unlocked" position prior to moving the seat along the first and 
second tracks 112,114. Once the locking mechanisms 120, 122 are released, the locking 
mechanisms 120, 122 prevent further rotation of the release shaft 140 by acting as a stop. In 
turn, the release shaft 140 reacts against the latch bar 142. Thus, the latch bar 142 prevents 
further rotation of the housing 22 and the cam 150. As an example, the housing may rotate 
five to twenty degrees before the locking mechanisms 120, 122 are released. Thereafter, the 
motor 11 acts upon the track drive shaft 160. The track drive shaft 160 rotates thereby 
adjusting the position of the first and second extruder sliders 124, 126 so that the position of 
the seat is adjusted. 

When the first and second extruder sliders 124, 126 are adjusted to the desired 
position, the hollow axle motor assembly is disengaged. Thereafter, spring force provided by 
the assembly of the latch bar 142 and the locking mechanisms 120,122 cause the latch bar 
142 to act upon the cam 150 such that the housing 22 and the cam 150 rotate in a direction 
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opposite to the first direction. After the cam 150 and the housing 22 rotate slightly, the latch 
bar 142 rotates the latch release shaft 140 such that the locking mechanisms 120, 122 are 
engaged. In other words, the locking mechanisms 120,122 are automatically placed in a 
"locked" position after the extruded sliders 124, 126 are adjusted. 
5 Fig. 5a illustrates a forward cam position for moving the seat in a first direction. In 

the example illustrated in Fig. 5a, it is desired to adjust the seat relative to the first track 112 
and the second track 1 14 in the direction of Arrow A. In this example, the cam 1 50 rotates in 
the direction of Arrow B and engages the latch bar 142. The latch bar 142 causes the latch 
release shaft 140 to rotate thereby generating a torque on the first pivotable locking member 

10 130. Then, the first pivotable locking member 130 pivots about a first axle 137. The pivotal 
movement of the first pivotable locking member 130 causes the first arm 134 to engage the 
second arm 136. The movement of the second arm 136 causes the second pivotable locking 
member 132 to rotate about a second axle 138. The first and second pivotable locking 
members 130, 132 pivot until the rack portion 116 is no longer engaged. This releases the 

15 first locking mechanism 120 and the second locking mechanism 122 and allows the first and 
second extruded sliders 124, 126 to move relative to the first and second tracks 112, 114. 

Fig. 5b illustrates a neutral cam position when the seat is stationary. In the example 
shown in Fig. 5b, the first and second locking mechanism 120, 122 are in a "locked" position. 
In this position, the first and second pivotable locking members 130, 132 are engaged with 

2 0 the rack portion 1 1 6, and the cam 1 50 is in contact or in near contact to the latch bar 142. 

Fig. 5c illustrates a reverse cam position for moving the seat in a direction opposite to 
the first direction. In the example illustrated in Fig. 5c, it is desired to adjust the extruded 
sliders 124, 126 relative to the first track 112 and the second track 114 in the direction of 
Arrow C. In this example, the cam 150 rotates in the direction of Arrow D and engages the 
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latch bar 142. The latch bar 142 causes the latch release shaft 140 to rotate thereby 
generating a torque on the first pivotable locking member 130. Then, the first pivotable 
locking member 130 pivots about a first axle 137. The pivotal movement of the first 
pivotable locking member 130 causes the first arm 134 to engage the second arm 136. The 
5 movement of the second arm 136 causes the second pivotable locking member 132 to rotate 
about a second axle 138. The first and second pivotable locking members 130, 132 pivot 
until the rack portion 116 is no longer engaged. This releases the first locking mechanism 
120 and the second locking mechanism 122 and allows the first and second extruded sliders 
124, 126 to move relative to the first and second tracks 1 12, 1 14. 

10 In a second example, the hollow axle motor assembly 10 is incorporated into a seat 

hinge. Fig. 6 illustrates a seat 200 having a seat bottom 210 and a seat back 212. The seat 
bottom 210 and the seat back 212 each include a frame (not shown). The seat back 212 is 
hingedly connected to the seat bottom 210. In the embodiment depicted in Fig. 7, the hollow 
axle motor assembly 10 is incorporated into the seat hinge. 

15 Fig. 7 illustrates the hinge arrangement. The hollow axle motor assembly 10 is 

connected to a shaft 220. The shaft 220 is rigidly connected to the frame of the seat bottom. 
The housing 22 of the hollow axle motor assembly is rigidly connected to the seat back 212. 
For example, the housing 22 may be connected to the frame of the seat back 212. 
Alternatively, the shaft may be attached to the seat back frame and the housing to the seat 

20 bottom frame, provided that rotation of hollow motor assembly 10 moves the back and 
bottom relative to each other. 

In operation, the hollow axle motor assembly 10 is engaged. Thereafter, the hollow 
axle motor 10 rotates the housing 22. In turn, the housing 22 moves the seat back 212 to the 
desired inclination. 
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In view of the foregoing, it will be seen that the several advantages of the invention 
are achieved and attained. 

The embodiments were chosen and described in order to best explain the principles of 
the invention and its practical application to thereby enable others skilled in the art to best 
5 utilize the invention in various embodiments and with various modifications as are suited to 
the particular use contemplated. 

As various modifications could be made in the constructions and methods herein 
described and illustrated without departing from the scope of the invention, it is intended that 
all matter contained in the foregoing description or shown in the accompanying drawings 
10 shall be interpreted as illustrative rather than limiting. For example, while a 3-stage planetary 
gear reduction is shown, those skilled in the art will understand that a greater or lesser number 
of stages may be used. Thus, the breadth and scope of the present invention should not be 
limited by any of the above-described exemplary embodiments, but should be defined only in 
accordance with the following claims appended hereto and their equivalents. 

15 
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What is Claimed Is: 

1. A hollow axle motor assembly, comprising: 

a hollow axle having an outer diameter and an inner diameter, said hollow axle 
adapted to receive a drive shaft within said inner diameter; 

a first gear operatively connected to said hollow axle; 

a planetary gear drive assembly in communication with said first gear; and 

a drive shaft mount in communication with said planetary gear drive assembly. 

2. The hollow axle motor assembly according to claim 1, further comprising a 
drive shaft coaxial with said hollow axle and operatively connected to said drive shaft mount. 

3. The hollow axle motor assembly according to claim 1, further comprising a 
planetary drive cover. 

4. A track drive mechanism, comprising: 
a first track; 

a second track offset from said first track; 
a first latch locking device adapted to engage said first track; 
a second latch locking device adapted to engage said second track; 
a latch release shaft operatively connected to said first latch locking device and 
to said second latch locking device; 

a latch bar operatively connected to said latch release shaft; 
a hollow axle motor assembly having a housing; 

a track drive shaft operatively connected to said hollow axle motor assembly, 
said track drive shaft having an upper portion and a lower portion; 

a first gear adapted to engage said first track and operatively connected to said 
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upper portion of said track drive shaft; 

a second gear adapted to engage said second track and operatively connected 
to said lower portion of said track drive shaft; and 

a cam operatively connected to said housing, said cam adapted to engage said 
latch bar such that, upon rotation of said cam, said latch bar rotates said latch release shaft 
thereby releasing said first latch locking device and said second latch locking device. 
5. A track drive mechanism, comprising: 

a first track; 

a second track offset from said first track; 
a first latch locking device adapted to engage said first track; 
a second latch locking device adapted to engage said second track; 
a latch release shaft operatively connected to said first latch locking device and 
to said second latch locking device; 

a latch bar operatively connected to said latch release shaft; 
a motor assembly having a housing; 

a track drive shaft operatively connected to said motor assembly, said track 
drive shaft having an upper portion and a lower portion; 

a first gear adapted to engage said first track and operatively connected to said 
upper portion of said track drive shaft; 

a second gear adapted to engage said second track and operatively connected 
to said lower portion of said track drive shaft; and 

a cam operatively connected to said housing, said cam adapted to engage said 
latch bar such that, upon rotation of said cam, said latch bar rotates said latch release shaft 
thereby releasing said first latch locking device and said second latch locking device. 
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6. A seat, comprising: 
a seat bottom; 

a seat back hingedly connected to the seat bottom; and 

a hollow axle motor assembly coaxial with said hinge connection, said hollow 
5 axle motor assembly comprising: 

a hollow axle having an outer diameter and an inner diameter, said 
hollow axle adapted to receive a drive shaft within said inner diameter; 

a first gear operatively connected to said hollow axle; 

a planetary gear drive assembly in communication with said first gear; 

10 and 

a drive shaft mount in communication with said planetary gear drive 

assembly. 

7. A method of adjusting a position of a seat, the method comprising the steps of: 
engaging a seat adjustment switch; 

1 5 rotating a motor and cam assembly in a first direction; 

engaging a latch bar; 

rotating a latch release shaft in a second direction; 
releasing a locking mechanism; 
rotating a drive shaft to adjust the position of the seat; 
2 0 releasing said seat switch; 

rotating said motor and cam assembly opposite to said first direction; 
disengaging said latch bar; 

rotating said latch release shaft opposite to said second direction; and 
locking said locking mechanism. 
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8. A method of assembling a track drive mechanism, the comprising the steps of: 
providing a first track; 

providing a second track offset from said first track; 
providing a first latch locking device adapted to engage said first track; 
5 providing a second latch locking device adapted to engage said second track; 

connecting a latch release shaft to said first latch locking device and to said 
second latch locking device; 

connecting a latch bar to said latch release shaft; 
providing a motor having a housing; 
10 connecting a track drive shaft to said motor, said track drive shaft having an 

upper portion and a lower portion; 

connecting a first gear to said upper portion of said track drive shaft; 
connecting a second gear to said lower portion of said track drive shaft; and 
connecting a cam to said housing, said cam adapted to engage said latch bar 
15 such that, upon rotation of said cam, said latch bar rotates said latch release shaft thereby 
releasing said first latch locking device and said second latch locking device. 
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Abstract 

A hollow axle motor assembly. The hollow axle motor assembly includes an 
armature and a hollow axle attached to the armature. The hollow axle has an outer diameter 
and an inner diameter. The inner diameter of the hollow axle receives a shaft or tube, such as 
5 a drive shaft. A gear is attached to the outer diameter of the hollow axle. The gear is in 
driving communication with a planetary gear drive assembly. In turn, the planetary gear drive 
assembly is in driving communication with a drive shaft mount. The drive shaft mount can be 
used to drive any number of conventional items, including, for example, a drive shaft. 
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